A system is described for tomographic myocardial perfusion imaging which has proven superior to planar imaging. This approach utilizes a multi-pinhole plate to project 7 simultaneous views of the heart as separate images. The heart is positioned 13 cm from the pinhole plate, and 750,000 count images are accumulated. The 
Introduction
There is a long standing interest in development of techniques for performing single photon emission tomography but few proposed systems have reached the point of practical applicability. Such systems have commonly failed to meet an acceptable cost/benefit criterion and in most cases represent a radical departure from conventional rectilinear scanner or Anger camera systems. An additional factor which has prevented several of the emissive tomographic systems from reaching their potential performance levels was the lack of suitable computer processing for performing effective tomographic reconstruction operations. Simple back-projection techniques for reconstruction are particularly inadequate when the number of viewing angles is limited.
Today, it is very common to find dedicated Anger camera/computer systems available in clinical Nuclear Medicine departments and the potential to develop emissive tomographic imaging capabilities based on equipment which is already available is very good.
This paper describes such an accessory to a standard Anger camera/computer in the form of a seven-pinhole collimator shown in Figure 1 . It has been found to be very beneficial in the imaging of smaller organs, and in particular, the heart. The total cost of this accessory (collimator, software, radionuclide sources, and training) is $10,000-$13,000 which Figure 4 to reconstruct the corresponding depth.
Having generated the first estimates, the final tomographic planes are generated by a single pass simultaneous iterative correction technique. This is accomplished by ray summing the first estimate tomographic data in a manner which simulates the image formation process. The simulated (ray-summed) images are then compared with the original seven flood corrected pinhole views and differenced to form error views. The error views are back-projected to form error planes and the error planes are applied (after multiplication by a relaxation factor of .26) to the first estimate tomographic planes to generate the final planes.
The fact that a single iterative step results in reasonable convergence is attributable to the quality of the first estimate provided by the impedance formula. Usage of simple back-projection to form first estimates typically requires 4 to 6 interactions to produce comparable convergence between the original data and the final tomographic planes. A comparison between back projection and impedance estimation is shown in Figure 5 . An aspect of the impedance estimator of further interest is its relationship to the Orthogonal Tangential Correction (OTC) technique developed by Kuhl and Edwards.4 The impedance estimator has the advantage that all the available view data contributes simultaneously to the first estimates rather than only paired orthogonal data. Another aspect of this simultaneous approach to the initial estimation process is to consider the seven views to be acting as "filters" being convolved with one another. Future developments which will act to further improve the quality of results obtained from limited angle tomographic techniques will involve prefiltering of the pinhole views prior to the first estimate, improved estimators for the initial planes and the use of frequency domain methods such as analytic continuation to reduce the six fold artifacts. Figure 6 viewed from the direction it would be seen by the seven-pinhole collimator. For the purgose of the radionuclide images shown in Figure 7 the 90 arc of the simulated lesion is filled with activity of 50% concentration with respect to the normal portions of the rings. The planar images of this phantom from several directions are shown in Figure 7 A through E. The mock lesion is barely visible in the planar image of Figure 7B . The unprocessed seven-pinhole image and three of the tomographic reconstructions are shown in Figure 7 F Another, more difficult test of the linearity associated with this method of tomographic reconstruction is provided by the phantom shown in Figure 7 . Each of the three stackable sections of this phantom has four compartments which are filled with activities having 25%, 50%, 75% and 100% relative concentrations respectively. The tomographic reconstructions of the three levels are best seen in Figure 7 G, I, and K, respectively. By integrating the total counts in each quadrant of the reconstructed activity, a relative measure of the counts in each of the twelve sections has been determined and plotted in Figure 9 . By this method it is shown that the seven-pinhole technique tends to overestimate the lower amounts of activity and underestimate the higher amounts. It is impossible to make any quantitative estimates from the planar view of the stack which is shown in Figure 7C .
Quantitative Analysis
The purpose of the linearity experiments described herein is to demonstrate the power of the seven-pinhole tomographic system to make accurate relative measurements of radionuclide activity. While the tomographic reconstructions are not perfect representations of the activity on a plane by plane basis, the ability to make relative measurements which are substantially correct shows the conclusive superiority of the tomographic technique in comparison with conventional planar radionuclide imaging.
Concl usion
The seven pinhole tomographic system which has been described herein is an inexpensive accessory to a standard Anger camera/computer system which significant-ly improves the diagnostic sensitivity of myocardial perfusion imaging with thallium-201. The fact that the system operates in a simultaneous real-time fashion without the need for collimator or camera head motion makes this system applicable to dynamic or gated blood pool studies as well. Another significant advantage of the seven-pinhole system is the reduction in imaging time which is achieved because of the need to take only a single view to provide the data necessary for tomographic reconstruction.
The tomographic abilities of this system have limitations and are intrinsically dependent upon the resolution and spatial linearity of the Anger camera onto which the seven pinhole images project. Clearly, the need for image data at a given depth to be aligned properly in all seven views is an important factor in order for the reconstruction algorithm to be effective. Misalignment of data in a single view will generate false lesions in the reconstructed tomographic images, the severity of which is proportional to the degree of camera nonlinearity. Preliminary evidence indicates that a nonlinear displacement of 1 cm (3% of the camera field of view) in a single view can generate a 50% erroneous reduction in the reconstructed count density using the stackable ring phantom with no lesion as a test object.
The key to improving the depth resolution is in steepening the angle at which the outer six images view the object. There are several practical limitations on this parameter and it is doubtful that this could be accomplished for the cardiac application unless a larger field-of-view camera becomes available. Even if this were possible,there are serious questions about image distortions which occur as the angle of incidence for the gamma ray projections onto the crystal seepens. There is strong evidence that the imaged location of a point source projecting onto the crystal at a 45 degree angle may be erroneously displaced by as much as 6 mm from the actual location.
The current specifications for large-field Anger cameras call for spatial linearity within 1.5% of the camera field-of-view and resolution of 5 mm fullwidth-at-half-maximum at 140 keV. about a central view looking directly along the long axis of the heart. This will make the central view of the heart appear most annular of the seven views. Patients should be off medications if possible, not have eaten for two hours prior to study, and female patients should have their breasts flattened against the chest wall with an elastic bandage.
In the setting where the equipment and technical personnel are performing to the standards summarized above, the tomographic thallium myocardial perfusion imaging procedure becomes an excellent tool in screening patients for coronary artery disease. The test provides 95% sensitivity in patients without previous myocardial infarction with a specificity of 95%. The early diagnosis is the key to effective treatment of heart disease by nonsurgical methods.
The clinical experience to date indicates that cameras which meet this specification over the 37 cm field-of-view are suitable vehicles for seven pinhole tomography. That is, the comparative results between planar and tomographic myocardial perfusion images show a corresponding improvement on any given system. The future developments in multipinhole tomography or similar systems will most certainly stress the demands on camera performance to require significant near term improvements in camera performance.
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In the same sense that the seven-pinhole technique requires a somewhat higher standard of equipment performance than most conventional types of radionuclide studies, it also requires a higher standard of technical care and attention to detail than many types of planar studies. The need to have the patient adequately stressed and injected without infiltration is obvious. The setup of the instrument can also have significant impact on the quality of the images provided. An asymmetric 40% window setting for the 80 keV peak will increase the count rate by another 30% on cameras equipped with dual pulse-height analysis. If we allow the further latitude to inject 2.0 mCi of T1-201, the cumulative count rate increase amounts to a factor of 2.0. Particular care must be taken in positioning the patient. None of the seven views should clip any portion of the left ventricle. Furthermore, it is advisable to modify the left anterior oblique position of the patient to bring 
